Objective: To evaluate antibiotic prescribing practices of dentists working in a major teaching hospital in Sudan, and to assess the need for establishing education programmes to enhance dentists' awareness of antibiotic use. Material and Methods: A cross-sectional study was carried out by distributing an anonymous self-administered questionnaire to a convenience sample of dental practitioners at major teaching hospital in Khartoum/Sudan. The questionnaire investigated knowledge and attitudes of participants in relation to antibiotic prescribing in dental practice. Results: One hundred out of 135 dental practitioners working at the hospital participated in the survey with 48 males and 52 females. Most of the participants (N=44) did not specify their preferable drug reference, while 32 participants specified British National Formulary, and the practice was significantly associated with a higher professional rank (p<0.001). Metronidazole was the most frequently cited antibiotic for dentofacial infections (N=73) and Acute Necrotizing Ulcerative Gingivitis (N=56), while amoxicillin was the most frequently cited antibiotic for dento-alveolar infections and infective endocarditis prophylaxis (N=88 and N=47, respectively). Conclusion: Undergraduate, as well as postgraduate courses,, are required in Sudan to provide up-to-date orientation on antibiotic use, and to increase awareness of dentists about antibiotic prescribing.
Introduction
Dentists deal with various infections in the orofacial region and their sequelae [1, 2] . Most of these infections are bacterial infections originating in the dental pulp, and less frequently in the periodontal, and salivary tissues. Operative intervention in the form of dental fillings, root canal treatment, scaling, root planning, extraction or abscess drainage is considered the gold standard for treatment [3] .
In certain situations operative intervention is not applicable or contraindicated, hence, the need for an antibiotic prescription may arise. Indications for antibiotic prescribing in dentistry are, however, limited; facial cellulitis [4] , bacterial sialadenitis, necrotizing ulcerative gingivitis pericoronitis and certain forms of periodontitis [5, 6] are considered the most representative examples of indicated clinical conditions for therapeutic antibiotic prescribing in dentistry.
Unfortunately, studies have shown that since the discovery of antibiotics, dentists in different parts of the world have contributed to the calamity of antibiotic abuse in the form of inappropriate prescribing for non-indicated clinical conditions [7] , or worse, prescribing for social or non-clinical situations [8] . The latter trend is evident among dentists working in developing countries in particular [9] . Antibiotics abuse is not without cost. Antibiotic resistance has increased markedly over the past decade. An estimated 23,000 deaths and 2 million illnesses in the United States annually have been attributed to antibiotic resistant strains [10] . Furthermore, antibiotics use can be associated with allergy, anaphylaxis, gastrointestinal disturbances, as well as other side effects [11] . In children, complications are worse; diabetes, obesity, asthma, allergy, gastrointestinal disturbances and developmental tooth abnormalities have all been reported in children due to antibiotic abuse [12] [13] [14] [15] . A closer look at epidemiological studies on prescribing practices shows that twice as much research was conducted in developed countries like the United Kingdom, when compared to developing ones, where few studies were conducted with the main finding of inappropriate antibiotic dental prescribing practices [16, 17] . This indicates the importance of this study as it collects data from an under-researched area of developing countries.
Prophylactic antibiotic use, on the other hand, has been considered for a wide variety of conditions, with infective endocarditis (IE) being the indication that has the most well-established guidelines. In this particular condition, the protocol of antibiotic prescription is being updated on a periodic basis, and guidelines are available for all dentists [18] . There are two authorities worldwide that put the recommendations for antibiotic regimes, and indicated clinical conditions; the American Heart Association (AHA) and the National Institute for Health and Care Excellence in England and Wales (NICE). Before March 2008, patients at risk of IE were prophylactically given a single oral dose of 3 g amoxicillin or 600 mg clindamycin one hour prior to specified dental procedures [19] .
Due to the associated risks of antibiotic use, a new recommendation was issued in March 2008 by NICE stating that antibiotic prophylaxis before invasive dental procedures should stop [20] , in contrast to the AHA who still recommends antibiotic prophylaxis for individuals at risk of developing this infection after invasive dental procedures [21] .
The current study was conducted to evaluate antibiotic prescribing practices of dentists working at the Khartoum Dental Teaching Hospital (KDTH); a major teaching hospital in Khartoum, Sudan, to investigate the dentists' knowledge and awareness of rational antibiotic prescribing practices both therapeutically for oral and dental conditions and prophylactically in cases prone to IE. The study also aimed to evaluate the need for establishing education programs or courses to enhance dentists' awareness of antibiotic use.
Material and Methods

Study Design and Data Collection
A cross-sectional study was carried out by distributing an anonymous self-administered questionnaire to a convenience sample of dental practitioners at KDTH during July 2011. The questionnaire was obtained by modifying the questionnaire used in a previously published study to make it appropriate for this topic [22] .
A pilot study was carried out on ten volunteer dentists working at KDTH and was repeated after ten days. Whenever a subject gave a different answer to a specific question, he/she was interviewed, and when necessary the question was modified to rule out misunderstanding. The process was repeated until there was a full agreement between responses of each volunteer.
A briefing was given to the practitioners regarding the nature of the study, and the procedure of completing the questionnaire was explained. Verbal consent was obtained from the dental practitioners who were willing to participate, and a written consent followed the verbal consent at the time of distribution of questionnaires. Inclusion criteria were: dental practitioners working at KDTH of all professional ranks and both genders. Dental practitioners who did not give their consent to participate were excluded from the study.
The questionnaire was composed of closed-ended questions on demographic details of age, sex, professional rank, year of graduation; attendance of educational courses on antibiotic prescribing in the past two years; clinical indications for antibiotic prescribing; and types of antibiotics.
Participants were advised to avoid referring to reference materials while completing the questionnaire.
At the time of the survey, 135 dental practitioners were working at the hospital. A sample size of 100 participants was determined to provide 95% power of study using an expected frequency of 50%, and a confidence limit of 5%, (Epi Info Software, Centers for Disease Control and Prevention, Atlanta, GA, USA).
Statistical Analysis
Descriptive statistics and frequencies were used to describe the results. Cross tabulation with Chi-square statistics was used to explore associations between participants' responses and their demographics. Professional demographics were divided into the following groups; year of graduation (<2007, ≥2007), and professional rank: senior (consultant, specialist, and registrar), and junior 
Results
A total number of 100 out of 135 practitioners at KDTH participated with 74.1% response rate. Table 1 describes the participants' drug prescribing reference of choice and its significance of association with demographics. Drug reference was statistically significantly associated with graduation year (p=0.005) and professional rank (p<0.001) as new graduates referred more to senior practitioners while older graduates mostly referred to British National Formulary (BNF). Table 2 shows the therapeutic antibiotics chosen by participants to treat dentoalveolar, dentofacial and Acute Necrotizing Ulcerative Gingivitis (ANUG). It also shows the prophylactic antibiotics chosen by participants for prophylaxis against IE. Metronidazole was the most frequently cited antibiotic for dento-facial infections and ANUG, while amoxicillin was the most frequently cited antibiotic for dento-alveolar infections. Table 3 shows participants' decisions to prescribe antibiotics for the various oral conditions, as well as relevant attitudes on antibiotic prescribing among the various demographic groups. A trend for overprescribing antibiotics was noticed since the majority of participants prescribe antibiotics for dental abscess, periodontal abscess, pericoronitis, and dry socket. On the hand hand, most participants would not prescribe antibiotics for patients in pain or upon patients' expectations.
Most participants would also discuss with their patients antibiotics' side effects. A number of 63 participants preferred the use of age for calculating pediatric antibiotic dose, while the rest preferred the use of weight for calculating the dose. There was no statistically significant difference between demographic characteristics and calculation methods (p>0.05).
Discussion
The study was conducted at the KDTH, a major teaching hospital in Sudan that recruits more than a hundred dentists of different professional ranks and receives approximately 9100 dental patients per month.
Most participants specified the British National Formulary (BNF) followed by the Dental Practitioners Formulary (DPF) and their senior mentors as their drug prescribing references. A minority did not specify their reference for drug prescribing which may indicate either uncertainty regarding the prescribing references, or overconfidence. It was noticed that graduation year and professional rank were the only demographics that had a highly statistically significant association with the drug reference where new graduates, and junior staff expectedly referring to senior staff, while older graduates and senior staff referring to the BNF. This finding suggests the need for continuing educational courses for the junior staff. This is further confirmed by the finding that significantly more senior than junior staff stated that they follow a specific antibiotic prescribing protocol.
Metronidazole was the most frequently cited antibiotic by participants specifically for dentofacial infections and ANUG. Amoxicillin alone or less frequently in combination with clavulanic acid was also a favorite choice. Due to the spectrum that metronidazole covers, it is typically indicated for anaerobic infections like ANUG and pericoronitis [23] , and similar infections caused by strict anaerobes [24] . A number of antibiotics are cited to a lesser degree by participants, and these include clindamycin, penicillin V, erythromycin, and tetracycline. Clindamycin is clinically effective in oral infections. However, its use may be complicated by pseudomembranous colitis, anaphylaxis, Sweet's syndrome and myelosuppression [25] [26] [27] .
The use of erythromycin in dental infections has shown a declining popularity mainly because of the increasing erythromycin resistance in Streptococcus pyogenes that was observed in the 1990s, and in some parts of the world, this resistance peaked in the early 2000s [28, 29] . Within the Eastern Mediterranean region, recent studies reported that 62.5% of Enterococcus faecalis isolated from the oral cavity [30] , and 77% of Streptococcus viridans were susceptible to erythromycin [31] . Surprisingly, ANUG which is one of the few strong indications for antibiotics in dental practice has had less positive responses than the other two clinical situations. On the other hand, some non-indicated clinical conditions were cited like dry socket and chronic periodontitis.
Most participants would not prescribe antibiotics for pain only or for patients expecting antibiotics. Prescribing antibiotics for pain relief was shown to be one of the forms of antibiotic overuse in a study conducted in the USA [32] . Patient expectation has also been considered one of the social factors that initiate an antibiotic prescription by dentists, especially so in developing countries where the cultural norm is to satisfy needs of family and friends [22] .
Gender differences in prescribing were noticed in a number of aspects. Significantly more male practitioners would prescribe for chronic periodontitis, which suggests that female dentists prefer periodontal instrumentation to antibiotic prescribing. Periodontal disease is common among humans [33] , and a recent survey among periodontists found that a substantial proportion of approximately 50% prescribed antibiotics [34] . The male participants in the current study gave better responses than females regarding taking the history of antibiotic use, discussing side effects of antibiotics with their patients, requesting sensitivity testing after abscess drainage and prescribing empirical antibiotics.
Dental and Medical University education in Sudan mainly follows the British curricula, and since most of the participants graduated before 2007, perhaps that is why they still prefer prophylactic antibiotic prescribing against IE. According to the guidelines, one of the following antibiotics is recommended and is chosen according to individual patients' conditions; amoxicillin, ampicillin, cefazolin, ceftriaxone, cephalexin, clindamycin, azithromycin, and clarithromycin [21] .
Surprisingly, some participants mentioned metronidazole, amoxicillin/clavulanic acid and penicillin V. It was not the aim of this study to investigate dentists' attitudes in prescribing to patients with prosthetic joints, however, similar to the guidelines suggested for prophylaxis against IE, the most recent guidelines recommend against routine prophylactic antibiotics before dental procedures in immune-competent, prosthetic joint patients [35] .
As for pediatric antibiotic prescribing most participants would consider the child's age in prescribing, and a smaller proportion would consider body weight. According to the BNF, the doses for children are based on body weight or the age range (first month, up to 1 year, 1-5 years, and 6-12 years). None of the demographics investigated has a statistically significant association with the rule for calculating pediatric dosage, which indicates that participants have a similar scientific background in pediatric prescribing.
The study has limitations. This was single-center study. Although this hospital is a major teaching hospital, a multi-center study might have yielded a more valid results. Also, the study was based on self-perceived data. Results would be more accurate if they were retrieved from documented sources like patients' records or pharmacy records to report the actual prescribing practices of all dentists working in this particular hospital.
Conclusion
There are some shortfalls in the knowledge of the participants regarding clinical indications and choice of antibiotic. Undergraduate, as well as postgraduate courses, are required in Sudan to provide up-to-date orientation on antibiotic use. It is recommended that the concerned dental association in Sudan make these courses obligatory by linking these courses with required continuing medical education points that are necessary to renew the practicing license.
